An audit review of 16,065 patients undergoing operative procedures under general anaesthesia was carried out to examine the relationship between early postoperative respiratory complications and the level of consciousness of patients on arrival in the recovery room. In patients aged over ten years, the incidence of respiratory complications was significantly (P < 0.005) related to the level of consciousness independant of ASA grade or age. Since the level of consciousness of patients arriving in the recovery room could be modified by changes to anaesthetic practice it is concluded that a significant reduction in respiratory complications might be possible if anaesthetists used general anaesthetic techniques which returned patients awake to the recovery room.
METHODS
The computerised data base at Wellington consists of prospectively gathered demographic and surgical information, preoperative condition, drugs used, monitoring, and intraoperative problems, all of which are recorded by the attending anaesthetist. On transfer to the recovery room, the level of consciousness (recorded as awake, responsive only to verbal command, responsive only to physical stimulation or nonresponsive), degree of airway support required, presence of pain and any postoperative problems are recorded by recovery room nursing staff. In addition to other non-respiratory complications, nursing staff note the presence of: laryngospasm, bronchospasm, stridor, hypoventilation (s9 breaths/min), residual paralysis, airway obstruction, cyanosis, and the need for re-intubation or IPPV. Data from 16,065 patients undergoing general anaesthesia for gynaecological, general, ENT, ophthalmic and orthopaedic surgery were included in the analysis. Patients were excluded if the level of consciousness in the recovery room could be unrelated to the anaesthetic, or where level of consciousness was difficult to assess. These included those patients who had undergone cardiothoracic, major vascular, neurosurgery, paediatric patients under one year of age and those patients transferred directly to the intensive care unit. In order to examine only the influence of general anaesthesia, those receiving general with additional regional anaesthesia were excluded. The relationship between the level of consciousness and the incidence of respiratory complications within ASA grades and age groups were tested using the Mantel-Haenszel test. This test examines the trend between the proportion of respiratory complications with increasing ASA grade or age group. The relationships were also examined using the Mantel-Haenszel test with analysis stratifying for level of consciousness.
RESULTS
Of the 16,065 patients, 474 (2.95%) were recorded as having one or more respiratory problems while in the recovery room (mean duration of recovery for all patients 71 minutes). The most common problems were those related to hypoventilation, airway obstruction and residual paralysis following the use of neuromuscular blocking drugs (Table 1) .
With increasing ASA grade there was an increasing frequency of respiratory complications (P < 0.001; stratified by level of consciousness). Figure 1 shows the proportion of patients with one or more complications according to ASA grade and level of consciousness on arrival. For each ASA category there was a significant (P < 0.001) positive correlation between consciousness and incidence of respiratory morbidity.
The proportion of patients with respiratory problems increased with advancing age (P < 0.001); stratified by level of consciousness).
The relationship between level of consciousness and respiratory complications for different age groups is shown in Figure 2 . With the exception of The relationship between level of consciousness and respiratory complications for fifteen common inpatient operation categories was also examined. With the exception of those operations (dilatation and curettage, cystoscopy) where the overall incidence of respiratory complications was low, the data was again consistent with a positive relationship existing between level of consciousness and respiratory complications for each operation category. DISCUSSION The recovery period following a general anaesthetic has been divided into three phases; immediate, intermediate and 10ng-term. IO Immediate recovery has always been associated with a significant morbidity and mortality, lithe commonest preventable complication being respiratory obstruction. In 1947 Ruth and colleagues found that of 307 postoperative deaths, almost half were classified as preventable and in 63% of these, death was primarily a result of a combination of inadequate nursing care and respiratory obstruction in the immediate postoperative period. 12 In a more recent review of anaesthetic accidents reported to the medical Defence Union in the United Kingdom from 1970 to 1977 there were 33 cases of death or cerebral damage in the early recovery period; 29 of these were as a result of either an obstructed airway or respiratory depression. 13 In a prospective review of anaesthetic complications in France from 1978 to 1982, half the deaths and cases of coma totally attributable to anaesthesia were due to postoperative respiratory depression. 14 Studies of postoperative morbidity quote a 2 to 3% incidence of adverse respiratory events occurring in the recovery room,15.18 respiratory depression and obstruction being the most frequently observed problems. The results of our study, in terms of the overall incidence of respiratory complications (2.95%), and the distribution of complications are consistent with these observations.
With the introduction of pulse oximetry, it has been appreciated that the low incidence of clinically apparent respiratory complications, as determined in this present study, make up only a small portion of those patients with recovery room hypoxaemia. Studies of oxygenation during patient transfer indicate that a significant number of patients arrive in the recovery room hypoxaemic. Approximately 30% of healthy adult l ,21 and pediatric 8 ,9.19,20 patients develop arterial oxygen saturations of less than 90% during transfer from theatre to the recovery room despite breathing 100% oxygen before leaving theatre. In the recovery room, hypoxaemia (Sp02 < 90%) has a range of reported incidences from less than 10%2,6 to over 40%. 4, 9 Our results suggest that patients who arrive in the recovery room not having regained full consciousness have a higher incidence of respiratory complications than patients being returned awake. This relationship was observed irrespective of patient age over ten years and for each ASA category. Those aged over 70 years and those in ASA category 3-5 arriving in the recovery room unresponsive demonstrated an incidence of respiratory complications of approximately 9%. It Anaesthesia and Intensive Care, Vol. 19. No. 3, August, 1991 is notable however, that all patients, regardless of age or ASA category, who arrived in the recovery room awake demonstrated a uniformly low incidence of respiratory complications ofO. 7-1.8%. The relationship between state of consciousness and respiratory morbidity was less apparent in children and in patients undergoing minor procedures. This, in addition to inadequate case numbers, may explain why some previous studies have found no such relationship.
Although conclusions drawn from retrospective analysis of audit data must be viewed with caution, our findings are consistent with the known respiratory effects of central nervous system depressants and with studies demonstrating fewer hypoxaemic episodes after regional, in contrast to full general anaesthesia. 22 Although certainly many other factors are important in the genesis of respiratory complications, our data suggests that if all patients were returned to the recovery room fully awake, the potential reduction in the incidence of respiratory problems is up to 55% (from 474 to 209). Any alteration to anaesthetic practice, which enabled patients to arrive in the recovery room awake however, could introduce difficulties and some potential hazards. The anaesthetist might be tempted to discontinue or reduce anaesthetic delivery while surgery is in progress (thereby increasing the possibility of awareness) and the sparing use of sedative opioids might cause awake patients to be returned to the recovery room in severe pain. A balance therefore would need to be achieved between pain, awareness and level of consciousness.
In conclusion, a review of 16,065 patients undergoing general anaesthesia showed that patients returned to the recovery room unresponsive demonstrated a higher incidence of early postoperative respiratory complications in contrast to similar patients returned awake. We therefore suggest that the routine use of techniques which return patients awake to the recovery room could lead to a major reduction in early postoperative respiratory morbidity.
